Gene synthesis, high-level expression, and mutagenesis of Thiobacillus ferrooxidans rusticyanin: His 85 is a ligand to the blue copper center.
An artificial gene of the blue copper protein rusticyanin from Thiobacillus ferrooxidans was constructed from eight overlapping oligonucleotides in a recursive "one-pot" polymerase chain reaction. The gene was placed behind the T7/lacOR promoter of pET24a and expressed in Escherichia coli as a soluble protein. A purification scheme involving a pH titration step, cation-exchange chromatography, and reverse-phase HPLC separation provided yields of the apoprotein ranging from 70 to 100 mg/L of cell culture; reconstitution with Cu(II) is quantitative at pH 3.4-5.5. The redox reactions and the electronic absorption and EPR spectra of the recombinant Cu(II)-rusticyanin and NMR spectra of the reduced holoprotein are indistinguishable from those of the protein derived from T. ferrooxidans. Rusticyanin possesses the phylogenetically conserved carboxy-terminal loop of three copper ligands (Cys 138, His 143, and Met 148), but the identity of the fourth ligand was not clear from sequence homology to other blue copper proteins. To address this question directly, we have prepared two site-specific mutants where two of the proposed ligands, Asp 73 and His 85, have been replaced with alanine. The Asp73Ala mutant retained the electronic properties of the wild-type blue copper center (absorption maxima at 452, 597, and 750 nm), whereas the His85Ala variant gave rise to a green type 1 copper protein (absorption maxima at 455 and 618 nm).(ABSTRACT TRUNCATED AT 250 WORDS)